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PURPOSE: To obtain a biosensor capable of readly and 
rapidly measuring, havng high precision, inexpensively, 
useful In measurement of Wopolymer, etc.. by deecMig 
an enzyme and ele c t r on acceptor in an absorbing high 

polymer and applying the resultant solution to a 

_ _ _ , i- , .I, , . . i _ 
spocjnc cbcuouo. 

CONSTITUTION: An eiectroconductrve carbon paste la 
printed on an insulating substrata 1 such aa 
polyethylene tsrephthaJata by screen printing to form an 
ele ctrod e system consist ing of a counter electrode 2, 
measuring electrode and reference electrode 4. Then the 
ele ct rode system is covered with an insulating paste so 
as to leave 2*. 3' and 4' part of each electrode and an 
insulating layer 5 ia formed. Then a mind water 
solution of water absorbing Npji polymer such as starch, 
enzyme such aa oxidase and e l e c t ron acceptor auch aa 
potassium fsrricyanide la apptad to the surface of the 
electrode system and the appisd e le ct rode is dried to 
form a reactive layer 8. Thsn a sample such as pjucose 
is chopped too the reactive layer 6 and response 
electric current Is detected to measure concentration of 
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Details of the Invention 

1 . Title of Invention 
Biosensor 

2. Scope of Patent Claims 

(1 ) This concerns biosensors which consist of an insulator plate equipped wth at 
minimum of* a working electrode and a. counter electrode and arc capable of 
detecting eiectnochcmically the material concentration changes caused by the 
reaction of an enzyme and an electron receptor with the sample solution. The 
enzyme and the electron receptor are dissolved in a hydrophilic polymer and are 
applied on the above mentioned electrode system. 

(2) This concerns a biosensor described in the Item (1) of the Scope of Patent Claims, 
the electrode system of which consists of a material mainly made of carbon 
formed on an insulator plate by screen print process. 

(3) This concerns biosensors described in the Item (I) of the Scope of Patent Claims, 
the electrode surface of which is covered with a hydrophilic polymer consisting of 
starch, carboxymethyl cellulose, gelatin, acrylate, vinyl alcohol, vinyl pyrrolidone 
or maleic anhydride alone or of their mixtures. 
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3. Detailed Explanation of Invention 
Areas of Industriai Application 

This invention concerns the biosensor, which is capable of rapid and simpJe assay of 
trace amounts of specific components in biofluid samples -without dilution. 

Prior Art 

Conventionally, a biosensor shown in Figure 3 is proposed 10 ouanlitatively assay 
with high accuracy, specific components in biofluid samples such as blood without 
, o«fl 0r mix5ia8 (fbT exBm P le ' see Japanese Patent Disclosure Publication, S69- 
185852). This biosensor consists of an insulator plate (r) on which a working 
electrode 8 and a counter electrode 9. both made of platinum and each connected to 
leads 10 and 11. respectively. The exposed part of this sensor is covered with a 
porous material impregnated with a redox enzyme and an electron receptor When a 
sample solution is applied on the porous body, the enzyme and the electron receptor 
dissolve m the sample solution. They react with the substrate and activate the 
enzymatic reactions, which result in the reduction of the electron receptor. At the end 
of the enzymatic reactions, this reduced electron receptor is electrochemicaUy 
oxidized. The substrate concentration in the sample is calculated from the oxidation 
current value thus obtained. 

Problems this invention offers to solve 

With such a conventional system the porous body can be easily changed for each 
measurement. However, the electrode system requires treatments such as rinsing If 
the system including the elecirodes can be made disposable after each measurement, 
the operation system will be made very simple. In this case, the system will be very 
expensive due to the cost of electrode materials such as platinum and other structural 
materials. 

After extensive studies on these aspects, we now offer an inexpensive disposable 
biosensor, which can very easily, rapidly and accurately assay specific components in 
biofluid samples by unitizing the electrode system and the porous body. 

Means to solve these problems 

To solve above-mentioned problems, this invention uses an insulator substrace on 
which an electrode system, as a minimum requirement, consisting of a working 
electrode and a counter electrode. The electrodes are covered with a hydzophilic 
polymer with an enzyme and an electron receptor dissolved in. The electrode system 
detects the reaction initiated by placing a sample solution to measure the substrate 
concentration in the sample solution. 
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Operation 



By this invention, disposable type biosensors including electro* i*"™"^* 
constructed. The substrate concentration can be easuy measured by adding sample 



in addition, as a hydrophflic polymer contaming an en^me and an dc^on 
receptoV" applied on me surface of the electrode system, the enzyme and the electron 
raptor can react ™th the placed sample near tneelecteode. They can 
e^mVde immediately after the reaction. As proteins, whK* 

nSa^rement, are shielded by the hydrophiUc polymer, high accuracy measurement 
became possible. 

Examples of Application 

In the mowing, we will explain the actual application of tois fovention. 
Aa an example of biosensors, we will explain the glucose sensor. In Figure 1 , 
exploded diagram of the structural body of the glucose sensor is shown. On toe 
S pla£ttSda of polyethylene terephthalate (1), conducive carbon paste is 
printed by screen-printing. By heating and then drying, the electrode system 
core^SgTf a co^e7eiec*ode (2), a working electrode (3) and a reference 
elSode (4) is constructed. Then, one part of the electrode system « ^ov«edand an 
insulation paste is printed on in the same manner so as to leave the electrochwmcally 
reactive Portions of each electrode, (2'), (3'), and (4') (I mm each) uncovered. After 
the heat treatment, the insulator layer (5) is formed. 

On the surface of this electrode system, lec of 1% aqueous solution of 
caAoxymethyl cellulose (CMC) which contains 1 0 mg glucose ^^^^ 
PC^Sum ferricyanate (electron receptor) well dissolved is apphed. The dev.ee is 
drie^t^iancVto fonn the reaction layer (6). Two minutes after toe application of 
a glucose standard solution, -H).7v pulse voltage measured against the rcfermcc 
electrode is applied on the working electrode in the direction of the ^de.The 
cuSent is measured five seconds later. In this case, the hydrophdic polymer reacts 
wXSe aSed^sc standard solution to form a stable, less fluid hquid layer on toe 
e2ctrodes. Dissolved glucose oxidase and potassium ferricyanate react ^togtucose 
to form ferrocyanate. As a result, by the application ofpulse voltage as descnb^ 
above, the oxidation current which is related to the concentration of toe produced 
ferrocyanate is obtained. This current reading is proportional to toeglucose 
cSSuration. When glucose standard solutions of varied 

a good linearity was observed between the glucose concentration and toe response 
current up to a very high glucose concentration of 700 mg/dl. 
^mXly, stable response current readings were obtauied when blo^d was u*ed as 
san^uTsoTutions. WhetTtoc reaction layer was constructed ontoertccU^aby me 
appneation and natural drying of glucose oxidase and ^^^SSUrface to 
solutions without CMC, erytorocites and pretern^ adsorbed on toe 
produce fluctuating low responses. AdmtionofCMC helps format ^* ^ 
with consistent thickness on toe electrode. CMC also prevents the adsorpUon of 
rrytoroci tea and proteins and enables to produce tighter response readmgs. As for the 
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thickness of the layer, a range of 0.1 n - 100 u was found to be favorable for the small 
sample volumes of several ug-lOOug. If the thickness was below 0.1 n, it was 
difficult to form a stable gel layer because of the high fluidity of the liquid layer. On 
the other hand, if the thickness is above 100 u, diffusion of sample solutions is poor 
and there were spots that did not form gel. As glucose oxidase and potassium 
femcyanate are evenly distributed in the CMC layer constructed on the surface of the 
electrodes as a thin film, the reaction takes place immediately after sample addition. 
The reaction IS completed in two minutes to produce stable response readings As the 
sensor can b< produced by such a simple process of application and drying of aqueous 
solution of a hydrophihc polymer, which contains an enzyme and an electron 
receptor, this process will be advantageous for mass production of the sensors 

The screen print process used here to constmct me electrode system is suitable for 
the low cost production of disposable type biosensors with consistent characteristics. 
This process is also a favorable method to use carbon, which is an inexpensive and 
stable electrode material, to construct electrodes. 

r^li?° phill i p0lymer ' S elctin or methylcellulose can be used in stead of 
n^JST 5 w C "?? Xy ^y 1 """ 10 ^ Statins, acryhues, vinyl alcohol, vinyl 
pyirohdons and maletc anhydrides are desirable. These polymers can be caJily made 
into aqueous solutions. By the application of their aqueous solutions with an 
appropriate concentration followed by drying, a thin layer with a satisfactory 
thickness can be formed on the electrodes. 

t . ™ C ^ mb «atmri of a redox enzyme with an electron receptor is not restricted to 
&at shown in the Example of Application. Any combinations that match the principle 
3 f ct™£°" c » bc «f°* * 2-electrode system can be used msfeXf 

J -electrode system described in the Example of Application. 



Effect of the Invention 



The biosensor in this invention consists of an insulator plate on which an 
elective system is pnnted The reaction layer is constructed by the application of a 
hydrophihc polymer, which contains a redox enzyme and an dectron^ceptor on the 
electrode system. It can measure the substrate concentrations in biological fluid 
samples. The measurement is rapid as the reaction layer is constructed close to the 

? y Z? 8 hydrophilic P 01 ^. adsorption ofmterfering substances on the 
surface of electrodes was prevented and the accuracy of measurement was increased. 

4. Simple Explanation of Figures 

Figure 1 is a bird' s-eye view of a typical biosensor of this invention described in 
Example of Applications. Figure 2 is its lengthwise cross section. Figure 3 is the 
lengthwise cross section of a conventional biosensor. 

Legend: l=insulator plate, 2-counter electrode, 3 -working electrode, Reference 
electrode, 5— reaction layer. 

Name of the representative: Patent Attorney, Toshio Nakao and one other person. 
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[sec diagram] 

Figure 1 l . . . Insulator plate 

Figure 2 2 . . . Counter electrode 

Figure 3 3. . . Working electrode 

4. . . Reference electrode 
5 . . . Insulation layer 
6. . . Reaction layer 



08/03 '01 17:29 TX/RX NO. 3210 P. 009 



